Background: Obesity is known to be associated with increased prevalence of common mental disorders (for example, depression and anxiety), and there is evidence of age and gender differences in this relationship. However, categorisation of body mass index (BMI) and age has limited our ability to understand the nature of these differences. This study used continuous values of BMI and age to explore the shape of the association between common mental disorders and BMI and whether it varied with age, gender and education. Method: The analysis used cross-sectional data on 7043 adults from the English 2007 Adult Psychiatric Morbidity Survey. Common mental disorders were assessed using the revised Clinical Interview Schedule (CIS-R). Cubic splines allowed BMI and age to have non-linear effects in the logistic regression analysis. Results: BMI was strongly associated with the presence of common mental disorders, and there was clear evidence that this association varied with gender and age. In young women the probability of having a disorder increased as BMI increased, whereas in young men the relationship was U-shapedFprobabilities were higher for both underweight and obese men. These associations diminished in older age groups, particularly when potential confounders such as physical health were taken into account. There was no evidence that the relationship varied with education. Conclusions: Age and gender differences must be taken into account when investigating the link between BMI or obesity and common mental disorders. Furthermore, results of studies that categorise BMI may be highly sensitive to the width of the 'normal weight' reference category.
Introduction
Obesity and its relationship with common mental disorders (such as depression and anxiety) has been the focus of much research in recent years. At least 26 cross-sectional studies have investigated the association between obesity or body mass index (BMI) and depression in adult community samples, 1, 2 and a recent meta-analysis found that obese individuals were 1.18 times more likely to be depressed than those below the obesity threshold (BMIX30). Similar results have been found in studies investigating the relationship between obesity and anxiety disorders, 3, 4 and also in a recent meta-analysis of longitudinal studies investigating the association between obesity and depression. 5 A key question in this research is the nature of age and gender differences in the relationshipFseveral studies have found such differences, [6] [7] [8] [9] but their directions have not always been consistent. For example, one study found that in men obesity but not being overweight (BMI 25 to o30) increased the odds of having depression, whereas in women both obesity and being overweight increased the odds of having the condition. 7 However, another study found the converseFbeing overweight was associated with increased depression in men (in their adjusted analysis only), but not among women. 9 With regard to age differences, although one study found no significant effects of age, 3 another study found clear age differences, with much less evidence for the association in those over 65 than in younger individuals. 8 It can be challenging to investigate such age and gender differences with even very large datasetsFthe cross-classification of BMI categories by age group and gender (coupled with a low point prevalence of anxiety or depressive disorders) can result in small cells with few or no cases of disorders, unstable estimates and very wide confidence intervals. This may explain why previous studies have shown inconsistent results in the differences they report. The present study aims to elucidate age and gender differences in the association between BMI and common mental disorders by using a statistical technique that allows continuous variables to have non-linear relationships with the outcome variable. By avoiding the categorisation of BMI and age, full use is made of all information in the data and the directions of age and gender differences are clarified. The study will also check for any differences related to highest educational qualification. The analysis uses data from an English population survey, and its key focus will be on describing the shape of the relationship with BMI, and how this varies in the different age, gender and education groups.
Materials and methods

Source
The data for this study come from the 2007 Adult Psychiatric Morbidity Survey, the most recent of three surveys investigating the mental health of the UK population. The 2007 survey was a cross-sectional household survey of adults aged 16 or over living in England. It was carried out by the National Centre for Social Research and was sponsored by the NHS Information Centre for Health and Social Care. The data set was supplied by the UK Data Archive. 10 A detailed account of the survey method is available elsewhere. 11 The survey used a multi-stage probability sample based on the small users' Postcode Address FileF519 English postal sectors, stratified by region and socio-economic characteristics, were selected with inclusion probability proportional to size. A total of 28 addresses were selected at random within each postal sector. Trained interviewers visited each selected address and selected one adult at random to be interviewed from each eligible household (in multi-household addresses, a single household was selected at random within the address). Interviews were carried out with computer-assisted personal interviewing (CAPI) and lasted on average Bone and a half hours. The sample was designed to be representative of the English adult household population, although there was some underrepresentation of young adults (particularly men), as a result of differential response rates between age groups. 11 The overall response rate for the survey was 57%F7403 individuals completed at least the clinical interview section of the questionnaire. A summary of the demographic characteristics of the study sample can be seen in Table 1 .
Measures
Common mental disorders were measured using the revised Clinical Interview Schedule (CIS-R) that focuses on BMI and common mental disorders RL McCrea et al non-psychotic symptoms experienced in the week before the interview. 12 A set of algorithms 13 was used to obtain diagnoses of 13 disorders based on ICD-10 diagnostic criteria. 14 The diagnoses were grouped into six categories of disordersFdepressive episodes, generalised anxiety disorder, phobias, obsessive compulsive disorder, panic disorder and mixed anxiety and depressive disorder. The diagnosis of mixed anxiety and depressive disorder was given to those with a CIS-R score of 12 or more (the standard cutoff indicating a psychiatric case) 12 but not meeting the diagnostic criteria for any other common mental disorder covered by the CIS-R. For most of this study all six categories of disorder described above were combined into a single outcome of 'any common mental disorder', to ensure a sufficient number of 'events per variable' for logistic regression with non-linear terms and complex high-order interactions.
15
BMI was calculated as weight (in kilograms) divided by height (in metres) squared, and was derived from selfreported weight and height recorded in the interview. Where BMI was categorised, this was according to the WHO International Classification that defines BMI o18.5 as 'underweight', 18.5 to o25 as 'normal weight', 25 to o30 as 'overweight', 30 to o35 as 'obese class I', 35 to o40 as 'obese class II' and X40 as 'obese class III'. 16 A total of 77 women who were pregnant at the time of interview were excluded from the study sample.
Other variables in the analyses were respondents' gender, age (respondents aged 95 or over were merged at 95 in the archived data set to protect confidentiality), highest educational qualification already achieved (university level, secondary school level and none), ethnicity (white, black, South Asian and other/don't know), employment status (employed, unemployed and economically inactive), marital status (married, widowed, divorced/separated and single/ cohabiting), smoking status (current smoker, former smoker and never smoked), alcohol dependence and hazardous alcohol use, number of adults in the household and number of chronic physical health conditions. Number of physical health conditions was a count of the diagnosed conditions that respondents identified from the following list: cancer, diabetes, epilepsy/fits, migraine or frequent headaches, dementia or Alzheimer's disease, cataracts/eyesight problems, ear/hearing problems, stroke, heart attack/angina, high blood pressure, bronchitis/emphysema, asthma, allergies, stomach ulcer or other digestive problems, liver problems, bowel/colon problems, bladder problems/incontinence, arthritis, bone, back, joint or muscle problems, infectious disease or skin problems. Conditions were only included if they had lasted for 12 months or more. Hazardous alcohol use was identified as a score of 8 or more on the Alcohol Use Disorders Identification Test (AUDIT). 17 Those scoring 10 or more were asked to complete the Severity of Alcohol Dependence QuestionnaireFCommunity Version (SADQ-C). 18 A score of 4 or more on this measure was considered as alcohol dependence.
Statistical analyses
Prevalence estimates were calculated using the survey ('svy') commands in Stata for Windows (Version 10.1; StataCorp, College Station, TX, USA) to account for the stratified and clustered design. All prevalence estimates are weighted to account for unequal probabilities of selection (inversely related to household size) and differential non-response. Logistic regression was used to investigate the association between BMI and the presence of any common mental disorder. The variables and interactions to be included in the model were pre-specified following a review of the literature Fno data-driven model selection procedures were used. Two models were fitted: the first contained BMI, gender, age, education and number of adults in the household as explanatory variables (number in the household was included because it affected the probability of inclusion in the sample); the second model additionally contained variables considered to be potential confounders (ethnicity, employment status, marital status, smoking status, alcohol dependence/hazardous drinking and number of chronic physical health conditions). As a model-based approach was used for regression analysis of the survey data, survey weights were not used. 19 All continuous variables were fitted with restricted cubic splines that allowed their relationships with the outcome variable to be non-linear. The number of knots for each variable was decided before analysis began. It was initially intended to model BMI using 5 knots, to give sufficient flexibility to fit a U-shaped but irregular relationship with the presence of a mental disorder. However, this was reduced to 4 knots because of estimation difficulties relating to the interaction with age. All other continuous variables were modelled with 3 knots (as there was less reason to expect that these variables would show such complex relationships with the outcome variable). Knots were placed at their default locationsFfor BMI, these were at the 5th, 35th, 65th and 95th percentiles of the sample BMI distribution (this resulted in knots at BMI values of 19.6, 23.9, 27.1 and 35.3). For other variables, the default knot locations were at the 10th, 50th and 90th percentiles of their sample distributions. Both models included the three-way interaction terms BMI Â gender Â age and BMI Â gender Â educationFthese prevented age or education differences from being constrained to be the same for both genders. Other explanatory variables were also allowed to interact with gender (apart from the three variables with one or more very small categoriesFethnicity, employment status and harmful drinking/alcohol dependence).
Logistic regression modelling was carried out in R for Windows (Version 2.11.0; http://www.r-project.org) with the Design library, 20 incorporating Huber-White robust covariance estimates to account for the clustering of the sample. In all, 283 participants had missing values for BMI and are excluded from all analyses and tables. In addition, 161 individuals had missing values for highest educational qualification and a further 13 individuals had missing values BMI and common mental disorders RL McCrea et al on one or more of the potential confounder variablesFthey were excluded from models including those variables. After model fitting, both models were examined for influential points using DFBETAS and checked for sensitivity to these influential points. Key interaction terms in the model were evaluated using Wald tests to test whether the relevant parameters in the logistic regression model all equalled 0. Logistic regression models incorporating many interactions terms and cubic splines produce parameter estimates that are extremely difficult to interpret. 15 Therefore, predicted probability plots are used to explain the model resultsFany variables not specified in chart axes or legends were fixed at their median (for continuous variables) or mode (for categorical variables). These charts are plotted for BMI values between 17.5 and 44 (the 1st and 99th percentiles of the sample BMI distribution).
Results
Descriptive statistics
The characteristics of the 7043 individuals in the study sample with a valid BMI are shown in Estimates of the prevalence of common mental disorders for age and gender specific groups are shown in Figure 1 . The wide 95% confidence intervals for the BMIo18.5 and BMI440 categories reflect the small numbers of individuals in these groups. For women aged 16-59, the prevalence of common mental disorders is significantly higher in the 25-30 and 30-35 BMI categories than in the normal weight category (BMI of 18.5-25). However, for women aged 60 and over the prevalence estimates are similar in these three categories. For men, most of the confidence intervals overlap, so it is difficult to draw conclusions about differences between the BMI categories. However, for men aged 16-39 the prevalence of common mental disorders is significantly greater in the BMI 40 þ category than in the 25 to o30 category.
Results of key hypothesis tests
The results from our two logistic models were similar (Table 2 ) and therefore most of the subsequent presentation will focus on the model including the potential confounding variables. BMI was strongly associated with the presence of a common mental disorder (P ¼ 0.002). Tests for the BMI Â gender and BMI Â age interaction terms in the models suggest that the relationship between BMI and common mental disorders varies with age (P ¼ 0.02) and gender (P ¼ 0.15). The relationship between BMI and common mental disorders did not vary with education (P ¼ 0.88). In the model without potential confounders there was less evidence for variation with age (P ¼ 0.15), but stronger evidence for an association with gender (P ¼ 0.03).
Model interpretation
We focus on predictions and odds ratios between the 5th and 95th percentiles of the sample BMI distribution (BBMI values of 20 and 35). Restricted cubic splines constrain the relationship with BMI to be a straight line beyond these 
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pointsFconsequently, the models may describe poorly some aspects of the relationship at the extremes of the BMI range. The predicted probabilities of having a common mental disorder for men and women aged 30 are shown in Figure 2 . At this age, there is a striking gender difference in the shape of the association between BMI and common mental disorders. For men, the predicted probabilities follow a U-shape. The lowest probability of having a common mental disorder is 0.09 for those with a BMI of 24 or 25, compared with 0.14 for an individual with the same 'average' characteristics but a BMI of 20. Meanwhile, there is also an increase in predicted probabilities for those with a BMI greater than 25. (The wide 95% confidence intervals for BMI values below 20 and above 35 reflect the small numbers on which these sections of the model are based.) For women aged 30 the predicted probabilities increase as BMI values increase from 20 to 30Ffor a woman with 'average' characteristics, the probability of having a common mental disorder at a BMI of 20 is 0.13, compared with 0.23 at a BMI of 30.
Age differences in the fitted relationship between BMI and the probability of having a common mental disorder are shown in Figure 3 . For men, the rise in predicted probabilities of having a common mental disorder at low BMI values remains until about age 50. At the other end of the scale, the increase in probabilities with high BMI values flattens out from around age 40. For men in their 60s and 70s, the confidence intervals (not shown) are wide, relative to the observed variations in predicted probabilities. Nonetheless, the probability of having a common mental disorder appears to be lower at BMI values of 30 or over than at a BMI of around 25. For women, the association between BMI and the Both models also included number of adults in the household. Potential confounders were as follows: ethnicity, employment status, marital status, smoking, alcohol dependence or hazardous use, and number of chronic physical health conditions. b The degrees of freedom for each Wald test incorporate the degrees of freedom for the term specified plus the degrees of freedom for any higher order interactions incorporating this term that were included in the model. Table 1 ). Continuous variables are fixed at their median: number of physical health conditions ¼ 1; number of adults in household ¼ 2. Figure 3 Predicted probabilities of having a common mental disorder at different ages. All variables other than BMI, age and gender are held at fixed values. Categorical variables are fixed at their mode (see Table 1 ). Continuous variables are fixed at their median: number of physical health conditions ¼ 1; number of adults in household ¼ 2.
BMI and common mental disorders RL McCrea et al probability of having a common mental disorder starts to flatten out from the age of 40. Over the age of 60, there is little evidence for any association between BMI and the probability of having a common mental disorder. Little can be concluded from the drop in probability for women aged 20 with very high BMI because there were so few women in the sample below the age of 25 with severe obesityFhence, the confidence intervals here are very wide. Although the complex logistic regression models used in this study do not provide regression parameter estimates that can be easily converted into odds ratios, odds ratios (relative to a chosen BMI value) can be calculated by the analysis software and plotted or tabulatedFa selection are presented in Table 3 and Figure 4 . The odds ratios shown here are relative to a BMI value of 25 (approximately the median of the study sample). Two particular odds ratios in Table 3 highlight the gender difference in the fitted model: for a woman aged 30 with a secondary qualification, a BMI of 20 is associated with 0.7 times lower odds of having a common mental disorder than a BMI of 25; however, for a man aged 30, the same BMI difference is associated with 1.7 times greater odds.
Some of the differences between the models with and without potential confounders can be seen in Figure 4 , which shows odds ratios from both models (relative to a BMI of 25) at ages 30 and 60. The two models suggest similar shapes for the relationship between BMI and common mental disorders at age 30. However, at age 60 there are more substantial differences between the two models. For men with a BMI between 30 and 35 there is more of a reduction in the odds ratio of having a common mental disorder in the model with confounders. For women aged 60, in the model without confounders the increased odds ratios for high BMI values seen at younger ages remain, whereas in the model with confounders there is now little evidence for an association between BMI and the probability of having a common mental disorder. Therefore, the role of the potential confounders seems more important in older than in younger individuals.
Discussion
Adults in England show clear age and gender differences in the association between BMI and common mental disorders. For young men, there appears to be a U-shaped relationship between BMI and the probability of having a common mental disorder, whereas for young women higher BMI values are associated with a raised probability of having a common mental disorder. However, these relationships diminish in middle-aged and older individuals (for women, this is particularly noticeable when potential confounders are taken into account). This variation with age may reflect age-related changes or cohort differences. The models fitted in this study provide no evidence for education differences Comparison with previous studies The gender differences in the association between BMI and common mental disorders found in this study are consistent with other studies that have found a significant interaction between BMI category and gender. 6, 8, 21, 22 For example, a US study found that women who were overweight or obese had significantly increased odds ratios for suffering a mood or anxiety disorder, whereas for men this relationship held only for those who were obese (the odds of having a mood disorder were actually lower for overweight men than for those in the normal weight reference category). 21 Few studies have looked specifically at age differences in the association between BMI category and common mental disorders. However, some significant age differences have been reported. 3, 8, 9 For example, a meta-analysis of results from countries taking part in the World Mental Health Surveys initiative found age differences in the association between obesity and anxiety (but not depression), with significant differences from the reference category (BMI of 18.5-30) only for the youngest (18-34) and oldest (65 þ ) age groups. 3 However, the wide reference category used in these surveys precludes direct comparisons with our results. Not all studies that have looked for age or gender differences have found themFa US study found no significant gender differences, 23 whereas both that study and a
Canadian study found no significant interaction with age. 22, 23 However, these studies dichotomised or categorised BMI, and this may have limited their power to detect important differences. 24 The US study also reported a significant interaction between obesity and years of educational attainment, unlike the present study that found no evidence for differences with level of education. The use of a continuous measure of educational attainment may have provided more power for their comparison. However, no adjustments for demographic characteristics appear to have been made during the test for the interaction, so it is not clear whether this association would remain after accounting for characteristics such as age, gender and ethnicity, or after including age and gender interaction terms.
Strengths and limitations
This study is the first to examine the relationship between BMI and the prevalence of common mental disorders in a nationally representative English sample. A key strength is that BMI was modelled non-linearly as a continuous variable. This avoids the loss of information that results when a continuous variable is divided into broad categories. Furthermore, the directions of the age and gender differences can be seen more clearly than in previous studies that have categorised BMI and age.
The main limitation of this study is that the response rate for the 2007 Adult Psychiatric Morbidity Survey was only 57%Fthe inferences made in this study rely on the assumption that the association between BMI and common mental disorders is the same in responders and non-responders, but it is not possible to test the validity of this assumption. A further limitation is that BMI in this study was derived from self-reported height and weight, which are known to be subject to reporting error and bias. 25 However, the rank correlations between self-reported BMI and measured BMI have been found to be high. 26 The present study combined a number of common mental disorders into a single outcome variable, but it is possible that different relationships hold for different disordersFthis is an important question for future research. It would also be interesting to see whether similar relationships hold for dimensional measures of depression and anxiety.
Implications and future directions While this study was unable to investigate directly the causal relationship between BMI and common mental disorders, its gender-and age-specific results may help the formulation of future research questions. For example, the gender differences observed among young adults may be related to different ideal body shapesFyoung women may favour slimness, whereas young men may wish to be muscular and well built. Research into gender differences in patterns of body shape dissatisfaction might explain some of the differences in the relationship between BMI and common mental disorders. Furthermore, the observed age differences in the role of the potential confounders suggest that there may be different causal mechanisms at work in the younger and older age groups. Among young adults, confounding variables such as chronic physical health problems appear to contribute little to the increased prevalence of common mental disorders seen among the overweight and obese. However, among older adults (women in particular) confounders such as poor physical health appear to be much more important. We are hesitant to speculate about clinical implications, due to the cross-sectional nature of these data. However, clinicians should be sensitive to the finding that markedly underweight and obese younger men seem to encounter the most psychological difficulty, whereas for younger women poor mental health is found progressively more often as weight increases.
The results of this paper highlight the limitations of studies that ignore interactions with age or gender when investigating the association between BMI and common mental disorders. Not only do such studies overlook important differences, but the relationships in some groups may weaken or even cancel out when combined. Researchers would be strongly advised to include age and gender interaction terms in their models (even where not significant) or, failing that, to check their results by fitting separate models to the different age and gender groups. Furthermore, these results suggest that the age range of the sample will also be importantFstudies including predominantly older adults may be less likely to detect a relationship than those with many younger adults. Finally, the discovery of a U-shaped association with BMI for young men implies that studies, which categorise BMI may be highly sensitive to the width of the 'normal weight' reference category. Where the reference category is very wide, there may be considerable heterogeneity within the category, and this may obscure the size and direction of the real relationship.
In summary, this study found clear age and gender differences in the relationship between BMI and common mental disorders, along with considerable variation within the standard BMI categories. Studies hoping to investigate the direction of the causal relationship must consider these differences, or they risk coming up with 'averaged' findings that fail to describe the actual relationship in any age or gender group.
